The impact of dietary and lifestyle factors on the prevalence of hypertension was quantified for Finland, Italy, The Netherlands, UK and USA. For this purpose, we combined data of blood pressure (BP) and risk factors distributions in these five countries with BP estimates from randomized controlled trials of dietary and lifestyle factors to obtain population attributable risk percentages (PAR%) for hypertension. Overweight made a substantial contribution to hypertension (PAR%: 11-17%), as was the case for excessive sodium intake (9-17%), low potassium intake (4-17%), physical inactivity (5-13%), and low intake of fish oil (3-16%). PAR% were smaller for low calcium intake (2-8%), low magnesium intake (4-8%), excessive coffee consumption (1-9%) and excessive alcohol intake (2-3%). We conclude that diet and lifestyle have a major impact on hypertension in Western societies. The relative significance of different risk factors varies among populations, which is important for preventive strategies.
Introduction
Many dietary and lifestyle factors have been implicated in the aetiology of hypertension. However, an objective scientific understanding of their relative significance in the general population is lacking. The population attributable risk percentage (PAR%) provides insight into this complex matter, as it is based not only on the strength of the risk factor-blood pressure (BP) association but also on BP and risk factor distributions in the population. 1 The impact of dietary and lifestyle factors on the prevalence of hypertension was quantified for Finland, Italy, the Netherlands, the UK and the USA. PAR% was computed for the following modifiable risk factors: body weight, physical activity, and intake of alcohol, coffee, sodium, potassium, magnesium, calcium and fish oil (eicosapentaenoic and docosahexaenoic acid). Findings from this study may indicate priorities for preventive strategies to reduce the burden of hypertension in Western populations.
Methods
First, we obtained BP estimates for each dietary and lifestyle factor by performing metaregression analysis of randomised controlled trials, as described in detail elsewhere. [2] [3] [4] [5] Second, BP distributions (mean7s.d.) were obtained for five Western populations using data from population-based surveys, such as the MONICA project. 6 Mean systolic BP was 139720 mmHg for Finland, 133719 mmHg for Italy, 127719 mmHg for the Netherlands, 130720 mmHg for the UK and 125720 mmHg for the USA. Under the assumption of a normal distribution, population proportions with systolic BP X140 mmHg were estimated at 48% for Finland, 36% for Italy, 25% for the Netherlands, 31% for the UK and 23% for the USA.
Third, we defined risk categories for exposure to dietary and lifestyle factors. If possible, these were based on recommended dietary allowances or dietary guidelines for adults. Overweight was defined as a body mass index X25 kg/m 2 . For physical inactivity, we chose a general risk group definition of 'no exercise during leisure time, exclusive of walking'. Heavy alcohol consumption was defined as X3 drinks per day and heavy coffee consumption as X4 cups per day (one cup E125 ml). High sodium intake was defined as X2.4 g/day (equals 6 g of salt). Low intake of potassium was defined as o3.5 g, low intake of magnesium as o350 mg and low intake of calcium as o750 mg per day. For fish fatty-acids (eicosapentaenoic acid and docosahexaenoic acid), low intake was defined as o200 mg per day. Distributions of dietary and lifestyle factors in the five populations studied were obtained from nationwide dietary surveys, such as NHANES, 7 and salt intake from the worldwide INTERSALT study, 8 as described in detail elsewhere. 5 Finally, PAR% was calculated for each dietary and lifestyle factor within the five populations. The PAR% is the percentage of hypertension in a population that is caused by exposure to a risk factor and thus that can be eliminated if the risk factors are negated.
1 PAR% was based on only systolic BP (cutoff: 140 mmHg) because the proportion of population with isolated diastolic hypertension is negligible. Pooled systolic BP estimates from randomised trials (Table 1) were taken as the BP reduction that may be achieved after risk factor elimination. Calculation of the expected change in the prevalence of hypertension after risk factor elimination was performed using a JAVAt applet for the standard normal distribution. 9 PAR% was obtained after multiplying this figure with the proper population exposed to the risk factor, divided by the prevalence of hypertension in that population (detailed calculations available from the authors).
Results
Weighted BP estimates for dietary and lifestyle factors, obtained by metaregression analysis of randomised controlled trials, are presented in Table 1 . Overweight had the strongest effect on BP with an average decrease of 5/3 mmHg in weight loss trials (B1 mmHg/kg). BP decreases were 2-3 mmHg systolic and 1-2 mmHg diastolic in intervention studies of physical activity, alcohol reduction, coffee reduction, sodium reduction, potassium supplementation and fish oil supplementation. The BP effects of calcium and magnesium supplementation were smaller and only borderline statistically significant. The percentage of hypertension in a population that is caused by exposure to a risk factor and thus that could be eliminated if the risk factors are negated. The PAR% depends on the blood pressure effect of the risk factor (Table 1) , the prevalence of risk factor exposure in the population (Table 2 ) and the prevalence of hypertension in the population (given in text). Table 2 shows population proportions with unfavourable levels of risk factors in the five populations which, combined with BP estimates from randomised trials, were used to obtain PAR% for hypertension. PAR% calculation for overweight in Finland is explained as an example. For a 4.8 mmHg decrease in systolic BP (ie 139.0-134.2 mmHg), the prevalence of hypertension (systolic BP X140 mmHg) would decline from 48.0 to 38.5%. It is estimated that 60% of Finnish adults are overweight (Table 2 ). If 6 kg of weight loss (average reduction in trials) were achieved in this segment of the population, hypertension in Finland would decline by 5.7% (ie 0.60 Â 9.4%). Dividing this figure by the prevalence of hypertension yields a PAR% of 12%. Overweight made a substantial contribution to the prevalence of hypertension in all populations, with PAR% between 11% (Italy) and 25% (USA). PAR% was 5-13% for physical inactivity, 9-17% for high sodium intake, 4-17% for low potassium intake and 4-8% for low magnesium intake. The impact of alcohol was small (2-3%) in all populations. PAR% for low calcium intake was also small (o5%), except for the USA (8%). PAR% varied among populations with respect to inadequate intake of magnesium (2-8%), fish fatty-acids (3-16%) and coffee (0-9%).
Discussion
This study shows that diet and lifestyle have a substantial impact on the prevalence of hypertension in Western societies, with different ranking of risk factors within populations. Overweight, physical inactivity, high salt intake and low potassium intake appeared to be the major contributors to hypertension in Western societies.
BP estimates in this study were obtained from randomised trials and are likely to be causal and fully attributable to the specific risk factors. We calculated expected changes in the prevalence of hypertension after a uniform shift of the population BP distribution to a lower level. However, it should be noted that this is a simplified model. Subject characteristics may influence BP response to intervention; for example, BP sensitivity to sodium is probably larger in populations with elevated BP, which we did not take into account in our study. Also, PAR% should be interpreted with caution when based on BP estimates with wide confidence intervals, for example for magnesium, for which the number of trials in metaregression analysis was small. PAR% in our study may be too conservative since they were calculated only for risk groups, whereas other people may also benefit from prevention. To illustrate, weight loss is known to also reduce BP in normalweight subjects. Furthermore, we would like to emphasise that PAR% for different risk factors may not be fully additive owing to, for example, risk factor interactions. In case of hypertension, which has a multifactorial aetiology, the sum of PAR% for all risk factors combined could easily exceed 100%.
The total BP effect of all dietary and lifestyle interventions in this study was more than 20 mmHg. Cardiovascular risk strongly increases with BP, even in the 'normal' range. 10 In the large MRFIT study, 20 mmHg decrease in population systolic BP was associated with a 26% reduction in mortality, meaning 56 479 lives saved in the US male population. 11 We need to point out that prevalences of hypertension in our study are overestimated due to single BP measurements in epidemiological surveys. 12 However, this is unlikely to have had a large effect on PAR% and the ranking of risk factors in the different populations. Also, there are several uncertainties with regard to uniform assessment of risk factor prevalences in different populations. Data on intake of fish fatty-acids (eicosapentaenoic acid and docosahexaenoic acid) on a population-based level were scanty and the number of people consuming less than 200 mg/day could only roughly be estimated. For coffee, uniform assessment was hampered by differences in cup size among populations. We considered a cup of coffee to be equal to 125 ml, but for Italy cup size may be only 50 ml. A study by Ferraroni et al 13 among 395 Italian adults (median age of 50 years) showed an average coffee intake of 100-110 ml per day, which is in line with the low intake that we report. In a case-control study by Tavani et al 15 in Northern Italian women, however, over 10% consumed four or more cups of coffee per day, 14 and in another case-control study in this population 15 this prevalence exceeded 20% (cup size in these studies was not reported).
From this study, we conclude that effective dietary and lifestyle interventions could make a major contribution to the prevention of hypertension in Western societies. For several risk factors, the impact on hypertension varied among populations, which is important for setting priorities in preventive strategies. Hypertension itself, however, is not the outcome of primary interest. More research is needed to assess the total impact of diet and lifestyle on (cardiovascular) morbidity and mortality. Public health research in this field may be facilitated by standardised data collection on dietary and lifestyle factors in different countries.
